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I. BACKGROUND AND LITERATURE REVIEW
For the past twenty years, the use of composite resin restorations has been on the rise and in many geographical markets they have replaced amalgam restorations altogether (Lindberg, 2004) . Composite restorations are preferred by most patients due to their esthetic appeal (Korkmaz, 2007) . However, composite resin restorations are more technique sensitive and difficult to manipulate, requiring more time to place compared to amalgam restorations (Ozgünaltay, 2005) . Therefore, dental product manufacturers have attempted to perfect the characteristics and qualities of composites to make them more ideal esthetic restorative materials possessing strong fundamental restorative characteristics.
Since the 1980's when light-cured direct composite restorative materials hit the dental marketplace, dentists have been in search of a tooth-colored amalgam replacement. Ideally, it would be a color-stable composite restoration that could be easily placed using a bulk-fill technique with a short curing time. The restoration would have minimal polymerization shrinkage with no microleakage or fracture concerns (Burgess, 2010; Ikeda, 2009; Lee, 2005 ).
This
has not yet occurred due to the properties that exist in today's composites leading to polymerization shrinkage stress during the curing process and a limited depth of cure for composite materials. The effects of shrinkage is greater 2 on larger increments of composites, and if the curing light cannot adequately reach deeper surfaces of the restoration, the uncured portion of material will affect the bonding of the material to tooth structure and therefore affect the quality and longevity of the restoration. The recommended placement depth of composites is generally in 2mm increments to assure adequate polymerization and limited shrinkage stress (Burgess, 2010; Ikeda, 2009; Lee 2005) .
Modern composite materials have less shrinkage and more wear resistance than earlier composites. Other properties, such as mechanical strength, polishability, color stability, and resistance to chemical and moisture breakdown, have also improved over the years. With fillers, such as strontium glass, barium glass, quartz, borosilicate glass, ceramic, and silica added to the composite matrix, the working properties and functional characteristics, such as reduced shrinkage, are greatly improved (Chalifoux, 2010) .
Flowable composites were introduced to the dental community in the late 1990's (Ikeda, 2009; Bayne, 1998) . The advantage of flowable composite-based resins is their ability to flow easily into small dental preparations with undercuts or in areas that were difficult to access (Ikeda, 2009 ). However, research has proven that flowable composites, in fact, shrink more than conventional composites because they have less filler content and/or more resin (Braga, 2003) .
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Flowable composites are fabricated with small particle sizes similar to hybrid composites but with less filler allowing the increased resin to reduce the viscous nature of the material (Ikeda, 2009; Bayne 1998) . They also exhibit low wear resistance (Ikeda, 2009 ).
Therefore, flowable composites have not been used in bulk to fill large cavity preparations. Flowable composite resins have been used as a base or liner.
The concept of placing a flowable composite underneath a posterior composite restoration was proposed to allow for better marginal adaptation and thereby reduce microleakage and to counter the polymerization shrinkage stress of the overlying composite resin because of its higher elastic properties (Braga, 2003; Awliya, 2008) . However, laboratory studies evaluating the efficacy of a flowable composite as a liner have been equivocal (Gomeç, 2005) .
The curing of composite materials occurs through the production of free radicals from either chemical, heat-or light-sensitive components. A mixture of catalyst and base, in early composites, created free radicals to cure composite. Heat activation produced free radicals, and hence, polymerized composite. The creation of light-cured composites provided control over the curing of the material. The composite material could now be placed, shaped and fine-tuned prior to curing without worry of pre-mature polymerization (Chalifoux, 2010) .
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The degree of cure of visible light-activated composite resins is vital to the success of these materials. Although the degree of cure of the external surfaces of a light-cured composite resin can be assessed quite easily, it is the degree of cure of the internal surfaces of the resin that cannot be assumed or easily evaluated (Moore, 2008) .
Several factors can influence the depth of cure of a resin material. The light intensity and exposure time are some of those factors. The wavelength of light, the irradiance and the scatter of light within the restoration dictate the depth of light penetration through a composite restoration (Powers, 2006) . A longer exposure time of the composite resin to the light source will increase the degree of polymerization. Therefore, it is recommended that exposure time be increased for darker composite resin shades or more opaque materials (Jain, 2003; Moore, 2008; Rueggeberg, 1993) .
Hardness of the external surface of the composite is not an indicator of the extent of polymerization at the internal surface (O'Brien, 2002) . Generally, the tip of the light source is held within 1-2mm of the surface of the composite with a standard exposure time of 20 seconds and a resin depth of approximately 2mm. For darker, more opaque shades, a curing time of 40 seconds is often recommended due to influence of the transmission coefficient.
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The degree of polymerization of a light-cured composite resin cannot be accurately assessed by the degree of cure of the external surface. The physical properties of a composite can be hampered if the material is not polymerized through and through.
Although most manufacturers will recommend a specific curing time for 2-mm increments, Moore, et al. found that only the lightest of the shades of composite resin they tested met the minimum 2-mm standard for the depth of cure utilizing the ISO criteria for the evaluation of hardness, which tends to overestimate the degree of polymerization (Moore, 2008) .
Depth of cure is often assessed indirectly by measuring the hardness of a composite resin material at specified depths. Higher hardness values correlate with a more extensive polymerization (DeWald, 1987) . Depth of cure can also be defined as 50 percent of the remaining thickness of the composite resin after the uncured portion has been scraped off (Fan, 2002 Therefore, a composite's bottom surface should be at least 80 percent as hard as the top or maximum hardness for that material (Moore, 2008) .
Several studies have found that the scraping method can result in exaggerated depths of cure values compared to those values attained through the hardness test (DeWald, 1987) . Ferracane, et al (1985) found that although the scraping technique is relatively easy to perform, there are limitations to the test that should be considered, often resulting in an overestimation of adequate depth of polymerizations. Nevertheless, the scraping technique allows a valid comparison of the depth of cure of materials.
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Depth of cure of flowable composites as compared to traditional composites has been studied. Jain et al (2003) found when controlled for shade, cure time and thickness, microhybrid resin composites had the greatest depth of cure and flowable resin composites had the least depth of cure.
Shrinkage creates stresses between the composite and the tooth surfaces which can create interfacial stresses and small gaps or voids leading to microleakage.
This gap may vary from 1.67% to 5.68% of the total volume of the restoration and may be filled with saliva, which can lead to postoperative sensitivity and recurrent caries (Deliperi, 2010) . Polymerization shrinkage stress is influenced by the restorative technique, the modulus of resin elasticity, polymerization rate and the ratio of bonded to unbonded surfaces known as the "C-factor" or configuration factor (Deliperi, 2010) . Placing composite resin in 2mm increments and curing each increment independently can reduce the net effect of polymerization shrinkage (O'Brien, 2002; Powers, 2006) . 
II. OBJECTIVE
The purpose of this study was to evaluate the photocurability of new flowable composite materials which claim dramatically increased depth of cure through two different techniques for measuring curing depth, the scrap technique which is considered the standard for curing depth assessment (ISO 4049) and the Knoop
Hardness Ratio which is a commonly used measuring tool for curing depth .
The Null hypothesis was that there is no significant difference in photocurability of the flowable composites. An irradiance level of 1200 mW/cm 2 was utilized in order to represent a typical irradiance level of new curing lights that are available and commonly purchased today. The Bluephase G2 LED light curing system (Ivoclar Vivadent Inc.) was used in this study.
III. MATERIALS AND METHODS

Photocurability of
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The Bluephase G2 achieves a broad emission spectrum of 360 nm to 540 nm and includes a high intensity of 1200 mW/cm 2 . According to the manufacturer, the Bluephase G2 light is suitable for all light initiators due to its proprietary Polywave LED (www.ivoclarvivadent.us).
The light emission from the Bluephase G2 was analyzed with a spectrophotometer (Blue Light analytics, Halifax, Canada). The curing light was For the surface hardness test, the specimens were prepared in an 8 millimeter diameter split plastic ring mold. The plastic ring mold consisted of depths of 2, 3, 4, 5, and 6 millimeters for each sample group. Each sample group was made up of 5 specimens each (n=5).
An extracted third molar with its crown sectioned mid-coronally and dentin exposed was set in a rectangular base of epoxy resin. This created a similar background for the curing of the composite as seen in vivo. See Figure 2 .
A plastic strip was placed over the exposed dentin and the mold was placed individually on top of the plastic strip. The composite was injected into the mold, a plastic strip placed, and condensed with a glass slide to displace the excess resin. The glass slide was then removed and the specimens were exposed to the external light source accordingly. See Figure 3 .
For each depth, one group was polymerized at 1200 mW/cm 2 for 20 seconds and one group was polymerized at 1200 mW/cm 2 for 40 seconds. See Three measurements were taken from the bottom of each sample. These measurements were used to calculate a mean bottom to maximum Knoop
Hardness Number (KHN) ratio per composite per distance. The composite specimen was determined to be cured at that depth if the bottom surface had a KHN greater than 80% of the maximum hardness. Maximum hardness was determined by 3 measurements taken from the top surface of the 2-mm specimens cured for 40 seconds. The mean KHN ratio and standard deviation for each composite material was then calculated. The 4 mm deep mold was used first. If the mean KHN ratio was greater than 80%, the 5 mm mold was then utilized; and likewise, the 6 mm deep mold was used as necessary. If the 4 mm deep mold resulted in a mean KHN ratio less than 80%, the 3 mm mold was utilized; and likewise, the 2 mm deep mold was used as necessary.
Specimen samples were also tested using the scraping technique (ISO 4049).
The scraping technique is the ISO standard for dental resins. Five specimens for each respective group were created by injecting composite resin into 4 mm 14 diameter x 14 mm long metal molds. One group was polymerized at 1200 mW/cm 2 for 20 seconds and another group was polymerized at the same irradiance level for 40 seconds, both at a distance of 0mm.
The uncured resin was then scraped with a plastic instrument starting from the deepest point on the underside of the mold until polymerized resin was reached.
See Figure 7 . According to the ISO standard, the length of the remaining polymerized material was measured with a digital micrometer and divided by two.
The mean depth of cure and standard deviation for each composite material was calculated, accordingly.
The compiled data was analyzed against manufacturers' claims of depth of cure as per both measuring techniques for depth of cure used in this study and described above.
One-way ANOVA/Tukey (alpha=0.05) was used to assess the data compiled with the Scrape Test and the Knoop Hardness data of the 4mm thick specimens for A2 and A3 shades for Surefil SDR Flow, and Grandio Flow with Revolution as our control flowable composite material. Venus Bulk Fill in its available Universal shade was also assessed utilizing the same parameters.
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IV. RESULTS
Depth of cure was evaluated using both the bottom/maximum Knoop Hardness Table 2 and Table 3 . The data was analyzed by a two-way ANOVA to examine the effects of composite or technique on depth of cure per shade, and curing time. Differences were found per composite and technique, however, there were significant interactions (p<0.05). The effect of technique on depth of cure was product and shade specific. The data was further analyzed with an unpaired t-test per shade, composite, and curing time. A Bonferroni correction was applied (alpha = 0.025) because multiple comparisons were made simultaneously. In the majority of groups there was no significant difference between the two techniques to determine depth of cure. The two techniques were found to be significantly correlated using a Pearson Correlation (p<0.001)
with an R-squared of 0.78. See Figure 8 . It has been proven that inadequate polymerization reduces the physical properties of the resin (Moore 2008) . With polymerization comes polymerization shrinkage, ranging from 2.44 -6.79% (Napoles, 2009 , Lien, 2010 for methacrylate-based resins. Polymerization shrinkage can lead to stress at the interface between the composite and tooth structure and weaken that bond (Lee, 2005; Lindberg, 2004 ) and lead to adhesion failure or microleakage and increase the possibility of postoperative sensitivity, pulpitis and recurrent or secondary caries (Sadeghi, 2009) .
A rapid polymerization and a higher degree of conversion increase the shrinkage stress of the composite restoration (Lindberg, 2004) . Some have theorized ways to reduce this shrinkage stress such as using soft-start and pulse-curing methods as well as utilizing a flowable composite as a bottom layer to line a composite restoration.
On the other hand, a high degree of conversion is important in obtaining good mechanical properties and biocompatibility. A high degree of conversion is directly correlated to the total irradiance reaching the material, which is dependent on the curing unit and the distance between the curing tip and the composite resin (Lindberg, 2004) .
Flowable composite resins are reported to have weaker mechanical properties, such as flexural strength and wear resistance, than conventional composite resin materials. Therefore, the use of flowable composites has been emphasized more in low-stress applications, such as sealants, preventive resin restorations and Class III and V restorations (Ikeda, 2009) . Flowable composite resins have been suggested for use as liners due to their low viscosity, low elastic modulus and wettability (Korkmaz, 2007; Sadeghi, 2009 ).
Flowable composites can be easily injected into small cavities to improve adaptation to the cavity wall as opposed to conventional restorative composites which have a higher viscosity. There have been contradictory and inconclusive results as to whether this technique improves the marginal seal of the restoration resulting in decreased microleakage (Braga, 2003) .
However, recently, manufacturers have introduced flowable composite resins of high filler content (Awliya, 2008; Ikeda, 2009) Generally speaking, the results compiled in this study are comparable to the overall results found in the above mentioned studies by the different manufacturers. In this study, there was a statistically significant difference between the materials studied. Therefore, this study's null hypothesis of no significant difference in photocurability of the flowable composites was rejected. There are few studies comparing hardness tests and scrape technique. In this study, the depth of cure results achieved by the ISO 4049 and hardness test correlated well. Previous studies found that, although the scrape test appeared to overestimate depth of cure, there was a good correlation between both methods (Dewald, 1987 , Moore 2008 . However, utilizing a linear regression analysis of the KHN profile data with a R²=0.77, the depths of cure not only correlated but were similar in number. Some of the difference between the results in this study and prior studies may be due to the lack of criteria in assessing maximum hardness as well as the relevance of the Knoop Hardness ratios used in various studies to clinical practice. Despite the universally excepted notion that the scrape test is often an overestimated test of depth of cure (DeWald, 1987; Moore, 2008) 
